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The dark Wengen tuffs above this lower sheet are like those 
of Auf der Schneid ridge on the south of Fassa Joch, and pass 
upward into higher lavas which show well-marked block-structure. 
The tuffs and block lavas are the same horizons which are next 
the east-west fault-plane at Rodella, and they are likewise 
here faulted down on the north of the La Greppa east-west 
fault—which is continuous with a fault in Fedaja Valley. 

A dyke follows this fault, and the Werfen strata and Mendola 
Dolomite adjacent on the south are full of dykes and sill-
ramifications, passing into joints, cleavages, and bedding-planes. 

The main stratigraphical feature of the overthrust mass in 
Bufaure is that the Wengen lavas rest upon a fragmented succes
sion of Buchenstein* Mendola and Werfen horizons, only locally 
left in a recognisable sequence, generally brecciated with the 
porphyritic rock material. And this thrust-mass with itp floor-
breccia of patches of older Trias reposes upon the calcareous 
rocks of the basal thrust-mass, and has been plicated along with 
them in east-west and N.N.E.-S.S.W. directions. It has been 
lowered by flexure faults surrounding it on every side except 
on the north-east. 

PART IV. 

GENERAL CONCLUSIONS. 

(1) East-West Inthrow Band of Groden and Enneberg—(2) Upper Groden and 
Fassa Thrust-Mass—(3) The Dolomitic Thrust-Masses—(4) Basal Mass— 
(5) Differences of Triassic Facies—(6) The Marginal Flexures and Faults— 
(7) East-West Plication of Thrust-Masses before their Overthrust — 
(8) Plication of Subjacent Thrust-Slices — (9) Overcasting of Earlier 
Plications and Isolation of Segments—(10) Deformational Structures— 
(11) Westward Thrusting—(12) Intrusions in Subjacent Thrust-Slices. 

(1) East-West Inthrow Band of Groden and Enneberq. 

The wide syncline including the Dolomite Massives of Langkofl, 
Sella and Sett Sass is a fault-segment on the downthrown north 
side of a leading east-west fault which may be followed from 
Mahlknecht and the Rosszahne to Rodella, and to Cherz Hill and 
Monte Sief in Enneberg. 

(2) Upper Groden and Fassa Thrust-Mass. 
The lower horizons within this fault-segment belong to a widely 

extended thrust-slice from the east, which may be called the 
Upper Groden and Fassa thrust-mass, as its western margin 
ih the Dolomites is in that area. The rocks of the thrust-mass 
next the thrust-plane are sometimes porphyritic and tufaceous 
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rocks of " Wengen 5 5 type, sometimes segments and patches of 
Muschelkalk and Lower Trias, and their relations indicate that 
the thrust-mass advanced as a plicated body of rock. 

(3) The Dolomitic Thrust-Masses. 

The plicated rocks of the earlier thrust-masses formed the 
floor of another massive thrust-slice, comprising the dolomitic 
rocks of Langkofl, Sella and other Dolomite Mountain-Massives 
in the Groden, Enneberg and Ampezzo district, and the " Dolo
mite " thrust-slice was succeeded by others, of which remnants 
are preserved on the summit of Sella Massive. These comprise 
chiefly Raibl, Dachstein Dolomite, and Jurassic and Cretaceous 
strata, and one finds every variety of unconformity at thrust-
planes. Dachstein Dolomite, for example, rests locally upon 
Schlern Dolomite, upon Raibl strata, upon a lower thrust-slice 
of Dachstein Dolomite, or upon Liassic, Jurassic, or Cretaceous 
strata. Towards the margin of the " Dolomites," the higher and 
less plicated thrust-slices rest transgressively upon lower slices, 
or have been faulted against them. 

A certain thickness of the Cassian horizons in the Seiser Alpe, 
and the Schlern Dolomite rock of Rosszahne and its westward 
continuation in the Schlern mountain belong to the same thrust-
mass as the Langkofl and Sella Massives. They have been 
overthrust upon the porphyrite thrust-slice, and where that 
thins towards west and south, they rest as a thrust-mass upon 
the calcareous or calcareo-dolomitic rocks of the basal mass. 
Similar overthrust relations towards the north were demonstrated 
by my earlier sections through the Diirrenstein Mountain 
(Q.J.G.S., Z.a, 1893). 

(4) Basal Mass. 

The calcareo-dolomitic rocks of the Molignon on the south of 
the ridge of " Auf der Schneid " formed the floor or Basal Mass 
upon which the lavas of that ridge were overthrust; and the 
continuation of the Molignon calcareo - doloinitic rocks both 
towards the west at Grasleiten, and towards the east at Udai, 
Mairin Wand and the Marmolata1 group, similarly formed the 
floor for the Upper Groden, Enneberg and Fassa thrust-mass or 
for any of the higher thrust-slices whose margins transgressed 
the lower slices in the series. They continue at a lower level 
in the downthrown bands on the north. 

1 W. Salomon, " Geologische u. palaontologische Studien iiber die Marmo
lata," Paloeontographica, vol. xlii., 1897; M. M. Ogilvie Gordon, " The 
Geological Structure of Monzoni and Fassa," Trans. Edin. Oeol. Soc, Special 
Part, 1902-1903. 
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The basal mass was composed of plicated rocks, the plications 
following both north-south and east-west directions. After the 
superposition of successive thrust-slices the folding and fault
ing continued and affected the thrust-planes in the same way as 
the strata, producing complicated effects of dovetailing and 
brecciation. 

It may be added that my former map of the Monzoni district 
proves that the Fassa thrust-mass continues southward, and 
that the Augite Porphyrite lavas and tuffs of Col del Larisch 
to the north of Monzoni belong to the Fassa thrust-mass, and 
rest upon different horizons of the calcareous rocks and Werfen 
strata belonging to the basal. It would follow that the Augite 
Porphyrite in the adjacent Predazzo area, which according 
to Dr Philipp's investigations belongs to the same group of 
sedimentary lavas as those in the Fassa district, would also 
be part of the Fassa thrust-mass; and that the position of 
Wengen lavas resting upon the calcareous rocks of the Predazzo 
area woulinot prove that the calcareous rocks were older than 
the Wengen lavas, since the calcareous rocks are part of the 
underthrust mass. 

The basal mass was overthrust above the rocks of the Central 
Alps, with the formation of basal breccias (Verrucano) at the 
thrust-planes where Quartz Porphyry and Sandstones of Permian 
age rest upon the Crystalline Schists. The latter shared the 
downthrows and shear-planes associated with the subsidence 
of the region of the Dolomites. 

(5) Differences of Triassic Facies. 

The rocks of the calcareo-dolomitic floor represent another 
facies of Triassic rock from the facies composing the thrust-
masses above them. The differences of facies are most pro
nounced at the horizons of Buchenstein, Wengen and Cassian 
age—these being horizons, at which in the thrust-mass volcanic 
material is thickly interbedded with fine muds and sandy and 
marly sediments, and calcareous beds are comparatively little 
developed, whereas in the facies dnderlying the thrust-mass 
the deposits of the same age are almost wholly calcareous or 
calcareo-dolomitic. 

In the Vallaccia Mduntain, which may be taken as a type of 
the calcareous or " Marmolata " facies in the south, I detected 
above the Buchenstein limestone a thin group of Wengen lavas, 
grits and breccias, and Cipit limestone, conformably below the 
main thickness of limestone in that mountain (cf. Trans. Edin. 
Geol. Soc, 1902-3, Special Part, pp. 102-103). I therefore con
cluded that the limestone at Vallaccia was for the most part 
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a stratigraphical representative of the horizon termed " Schlern 
Dolomite" in the Sella and Langkofl district. 

There is also a variation in the presence or absence, and 
varying amount of intrusive material at the Buchenstein 
horizons in the calcareous facies. But all such differences 
within the calcareous facies are slight in comparison with the 
striking difference between that facies and the same Mid-TriasHo 
horizons in the thrust-mass. The Upper Werfen horizons of the 
Calcareous facies have also a distinctive character (p. 69). 

Differences of facies continue well marked through the Schlern 
Dolomite and Raibl horizons. In the Vallaccia Mountain at 
the highest levels there are some thinly interbedded marls 
that occur more as pocket-like inclusions. in the limestone, 
and suggest the Raibl horizons, but are quite indeterminate. 
In the Schlern Dolomite thrust-slice Raibl horizons are quite 
definitely present, and are strongly dolomitic in character. The 
Raibl horizons of the Ampezzo thrust-slice east of Lagazuoi 
have been described above, p. 59. The occurrences of Raibl 
deposits in Sella Massive and Sett Sass may be said to resemble 
each other more closely than the thicker and more fossiliferous 
Raibl deposits in the succeeding thrust-slice on the north and 
east of Lagazuoi. 

(6) The Marginal Flexures and Faults. 

The calcareo-dolomitic rocks of the " Marmolata" and 
other mountains in the Monzoni and Fassa district belong 
to the same basal mass as the calcareous and calcareo-dolomitic 
rocks which are continuously exposed from the Fassa area 
round the west of the Seiser Alpe to the northern edge-zone 
of the Dolomites and skirt the Central Alps along that outer 
band of the Dolomites. Downthrow faults on the east and 
south of what is now the Central Alps have faulted down the 
series of thrust-masses which form the Dolomites. The higher 
thrust-slices comprising the thick Wengen-Cassian facies and 
the formations of dolomite have naturally been preserved in 
the chief synclines and downthrows within the Dolomites, 
while the calcareous facies of the calcareous, rocks underlying 
them crops out from place to place around the depressions, 
and especially in the outer band with the series of step-faults 
(antea, pp. 61-65). 

(7) East-West Plication of Thrust-Masses before their 
Overthrust. 

The characteristic feature of the floor of each main thrust-
mass is that different stratigraphical horizons are subjacent upon 
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the thrust-plane, in accordance with a series of east-west arches 
and troughs, and related faults. These indicate an early period 
of north and south compression. Afterwards, when a period 
of intense cross-compression supervened, and horizontal pres
sures acted through the crust from east to west, the want of 
coherency between the old segmented and plicated accumula
tions of Lower and Middle Trias and the more homogeneous 
Schlern Dolomite would naturally have provided an easy plane 
of horizontal fission in the crust at Wengen hcjrizons. Other 
divisional planes seem also to have been readily determined,, 
so that the mountain-mass that was being overthrust became 
virtually an aggregate of thrust-slices. 

In general terms my reading of the geology here would be 
that an area of the crust in which the strata had already been 
plicated and dislocated in east-west direction, and in varying 
degree at different horizons, was brought under the influence of a 
strong westward thrust. It then underwent an almost horizontal 
cleavage through the fold-system, and these new planes became 
planes of differential movement and endured plicational deforma
tion and shear-slicing at the same time as the whole mass was 
being transported westward above the rocks of the Central Alps. 

(8) Plication of Subjacent Thrust-Slices. 

The whole complex of the ancient floor and the overlying 
thrust-masses with the calcareous, porphyritic, and dolomitic 
facies has been plicated and dislocated both by an east-west and 
a transverse system. The plications, faults and shear-planes that 
originated during the westward transit of the rock masses were 
interrupted .at the earlier faults; and the actual deformation 
in any of the thrust-slices took place in relation to the old planes 
of weakness incorporated in the subjacent thrust-slices, as well as 
in relation to the newer strains brought upon them. As the con
ditions of strain were constantly changing during the long continu
ance of the thrust-movements, the effects produced could not be 
other than those which I have frequently described and have 
classed as effects produced by torsional movements in the 
crust (" Coral in the Dolomites," Geol. Mag., 1894, p. 55, and later 
publications). 

(9) Overcasting of Earlier Plications and Isolation of Segments. 

The Upper Groden and Rodella District affords evidence that 
the old east-west plications affecting the lower thrust-slices 
became closely packed and were overcast chiefly southward, 
more rarely northward. They have been cut by shear-planes of 
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different ages, later shear-planes intersecting earlier. Sometimes 
little sign of the old plication is given, but it is still clear that 
fault-segments which in earlier time had probably been adjacent, 
have been subsequently brought into overlapping positions,, 
and that the horizontal displacements have been associated with 
distortion of the strike. The closest packing was in the main 
body of the Upper Groden thrust-slice ; and as this slice had arch 
fragments of the calareous facies at its base and trough frag
ments of the dolomitic facies, these form curious wedges here and 
there amidst groups of isoclinal shear-slices. 

Shear-planes are common throughout the whole series of 
thrust-slices, and are characterised by rapid changes in the angle 
of their inclination—a low shear-plane at one place changing 
into an almost vertical fault at another. These shear-planes 
developed readily between groups of strata of different lithological 
character and also at localities close to vertical faults where the 
strata turned in or formed knee-flexures, or where the strike of 
a group of strata rapidly veered from one direction to another 
in relation to intersecting faults. 

It is evident from the geology of the Langkofl and Sella 
Massives that groups of strata, after they had been completely 
isolated both horizontally and vertically by fault-planes, still 
continued to share in the general horizontal thrust, and con
sequently developed planes of wrench within themselves, at which 
torsional movements were accomplished. In Langkofl these 
were directed round the north and west. 

The conjoint plication of the thrust-slices cannot be said to 
have followed definite north-south lines of strike for any distance, 
in the way that might have been expected under the influence 
of a dominating westward thrust, had there been no interference 
system. An important feature is the presence of long N.N.E.-
S.S.W. fault-planes exhibiting horizontal striation along the 
surfaces of movement. It is also clear that the leading upthrows 
and downthrows, in so far as they represent continuous lines of 
cross-deformation, have a general N.N.E.-S.S.W. direction 
in Fassa but curve round east to N.N.W.-S.S.E. direction in 
Groden. The local subsidence of parts of the dolomite thrust-
slice in the line of cross-anticlines obscures to some extent the 
continuity of these transverse bands of upthrow and downthrow, 
but they are still more obscured by the effects of east-west 
plication of the thrust-slices. The leading east-west faults 
affect the thrust-slices in common. The flexures made towards 
these faults by the thrust-planes and slices in many cases are 
flexures that follow a coalesced east-west and N.N.E.-S.S.W., 
N.S. and N.N.W.-S.S.E. fault, as if they had originally formed 
with a curving strike, i.e. as a resultant curved band of fracture 
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and shearing (e.g. west side of Sella Massive, Langkofl Massive, 
Seiser Alpe). 

These are some of the features that point to the interaction 
of horizontal pressure in north-south direction during the period 
of westward overthrusting. The corresponding " interference " 
strike in this district follows a curve round the west, and the 
chief transverse directions are represented by the long N.N.E.-
S.S.W. and N.N.W.-S.S.E, faults and cleavages (cf. Geological 
Maps and Fig. 27). 

FIG. 27.—The leading strike-curves of the thrust-masse«. Diagram of ground-plan to 
show the influence of compressive strains in north-south direction upon the 
deformations induced during the action of a westward thrust. C. = Strike-curves 
of flexures, faults, plications, cleavages in the thrust-slices; t. = Transversal direc
tions of faults, cleavages, flexures, and horizontal displacements. 

(10) Deformational Structures. 
In the. Basal thrust-mass the leading deformational features 

are the crtish-breccias, and the varying metamorphism of the 
calcareous rocks, depending upon local conditions, such as 
presence or absence of igneous intercalations, the covering 
of the calcareous rock by tuffs and lavas in the next thrust-
mass, or by dolomite. If the latter, then the covering and the 
underthrust rocks become little decipherable except on close 
investigation. Within the rocks of the basal thrust-mass the 
Upper Werfen strata and Buchenstein horizons are those which 

 at UQ Library on June 18, 2015http://trned.lyellcollection.org/Downloaded from 

http://trned.lyellcollection.org/


GENERAL CONCLUSIONS 89 

lave fallen most readily into plications. The Muschelkalk shows 
strong cleavage and sometimes layers of brecciose structure 
irregularly cutting the bedding planes and representing joints 
at which horizontal displacement has occurred. 

In the Upper Groden thrust-mass leading features of 
secondary origin are the sometimes tuffoid, sometimes con
cretionary and nodular structure of many of the clastic rocks. 
A shear-agglomerate structure has been produced where, as 
.at Mount Donna and Bufaure, plicated layers of porphyrite 
and limestone have been subjacent to a thrust-plane ; also 
locally where calcareous rocks have been overthrust or under
thrust in relation to yielding tuffs or other Wengen-Cassian 
horizons (e.g. Pitz Sella). A contact agglomerate frequently 
accompanies fault-dykes and sills of uncertain age. In Bufaure 
and Mount Donna the base of the thrust-mass is freely invaded 
by dykes. 

The dolomitised character of the organic formations is the 
leading feature of the higher thrust-slices. Even when, amidst 
the Schlern Dolomite horizons, sandy layers of Coral and 
Echinoderm limestone are quite clearly distinguishable they 
are much altered. In the mixed sedimentary and organic 
Raibl group there is every grade of alteration. In the Romerlo 
and Majorera rocks near Cortina, some of the strongly com
pressed Raibl horizons that looked superficially like a thick 
bed of dolomite proved to be a closely foliated and highly 
•dolomitised series of variegated marls and marly limestone. 
Such features are undoubtedly metamorphic effects produced 
during the horizontal displacement. Brecciated or nodular 
structure passing into gneissose and schistose structure may be 
observed at the thrust-planes. 

Many cases of unconformity in the stratigraphical succession 
in this area which have been regarded as unconformities of 
sedimentation are unconformities due to the thrust-movements, 
e.g. the succession of Permian rofcks on the Schists, of Raibl 
upon Cassian horizons, etc. 

The outstanding deformational feature of all the thrust-slices 
is the rapid variation in the thickness of the various horizons 
of strata. I have in all my papers emphasized the fact that 
this feature is exhibited quite as much by the Werfen and 
Muschelkalk horizons as by the Wengen-Cassian, Schlern Dolo
mite and Raibl horizons. And geologists who follow any one 
thrust-plane will satisfy themselves that although there are 
undoubtedly local thickenings and dove-tailings in the sedi
mentary series, the grander effects are due to the regional Alpine 
thrust-movements, and the succession of folded thrust-slices, one 
upon another. 
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(11) Westward Thrusting. 

The thrust-masses have advanced from the east towards 
the west.1 In addition to the palseontological resemblance 
of certain deposits with those of Eastern Tyrol, there are evi
dences of a structural nature:—(a) Similar tectonic features 
'are presented in north-south lines through the thrust-masses ; 
(b) notwithstanding segmentation by north-south and east-
west faults and local flexure of the thrust-planes towards these 
faults, there is a general inclination of the thrust-planes towards 
the east, and each thrust-slice thins towards the east; (c) the 
thrustrmasses are plicated in north-south direction and undergo 
a series of subsidences towards the east, by displacements at 
numerous N.N.W.-S.S.E., N.S., and N.N.E.-S.S.W. faults; (d) in 
the crush-zone immediately below the major thrust-planes the 
plications that are frequently present have north-south axes 
and show locally isoclinal structure with steep or inturned west 
wing; minor thrust-planes inclined eastward are frequently 
present in this zone and many cleavages and joints with eastward 
inclination have served as planes of shearing and brecciation. 

The original inclination of the thrust-planes must have been 
extremely low. The leading north-south or N.N.E.-S.S.W. 
and N.N.W.-S.S.E. faults demarcate alternating upthrows 
and downthrows produced in virtue of the cross-plication, 
and these faults serve to bring the outcrop of the successive 
thrust-planes to contours differing comparatively little in height 
over a fairly wide area. Their main effect has been horizontal 
displacement. 

(12) Intrusions in Subjacent Thrust-Slices. 

Small dykes of porphyritic and fine-grained diabasic rock 
have penetrated the " Upper Groden thrust-mass" spo
radically in Groden and Enneberg as well as in the Fassa 
district, but all the larger sills and dykes can be shown to have 
gained access at old east-west fissures and at faults inter
secting them. 

I have not observed intrusions within the dolomite thrust-
slice either at Langkofl, Sella or Sett Sass, and this is rather 
remarkable, since the intrusions at the Ciampinoi and Pitz-
culatsch are quite near the dolomite mountains of Langkofl 
and Sella respectively. Also at Rodella Berg and in the Pozzale 
slopes intrusions in the shear-slices are near the Dolomite 
, 1 The action of a westward thrust over Alpine areas and evidences of 

regional cross-deformation were briefly discussed by the author some years 
ago: *' Torsion-Structure in the Alps " (Nature, Sept. 7, 1899); " Interference 
Phenomena in the Alps " (Proc. Oeol. Soc. London, July 5, 1906). 
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Massives, and presumably the dolomite thrust-mass at one 
time had a wider extension towards the north and south than 
we now see. The absence of apophyses in the dolomite thrust-
slice would indicate either that the intrusions had occurred at 
a period antecedent to its overthrust, or that the part of the 
dolomite thrust-slice into which such apophyses had extended, 
had been carried further west than the slice below, or inthrown 
at the limiting fault; or that the intrusive magma had found so 
many easy avenues of dispersal in the lower thrust-slices that it 
did not in this particular area ascend to the higher thrust-slices. 

The intrusions are of the same penological character as those 
which are interleaved still more freely in the Fassa district, 
and which I traced continuously from the Bufaure and Col del 
Larisch through the Contrin Alpe and Monzoni Alpe to the 
limestone range of Costabella, and to the median fault-zone of 
Monzoni. In this way the continuity of the later intrusions 
is demonstrated in the Basal Mass and the Fassa and Upper 
Groden Thrust-mass. 

Further, as is shown in my geological map of the Monzoni 
district, the Monzonite mass was dislocated by the leading 
N.N.E.-S.S.W. fault, which extends on the east of Sella Massive 
and Bufaure Mountain, and at which these Massives have been 
thrown down. In the southward continuation of that fault 
the Monzoni area is on the east or upthrow side, and the down-
thrown part of the older intrusive mass is in the Predazzo area 
on the west. This leading fault is only one of a group of N.N.E.-
S.S.W. and N.S. faults in or near which occasional dykes are 
present. Hence it may be concluded that these late intrusions 
in the Fassa and Fleims district were injected at an advanced 
period in the history of Alpine movement, at least subsequently 
to the overthrust of the Upper Groden and Fassa thrust-mass, 
and the development of the leading N.N.E.-S.S.W. and other 
faults of a complex intersecting system. 
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